Blood lead concentration was measured in 398 male and 133 female London civil servants not subject to industrial exposure to heavy metals. The relation between blood lead and serum creatinine concentrations and blood pressure were examined. Blood lead concentration ranged from 0-20 to 1-70 pmol/l with a geometric mean concentration of 0-58 umolIl in men and 0-46 pmol/l in women (p < 0-001). In women blood lead concentration increased with age (r = + 0-27; p = 0 002). In the two sexes blood lead concentration was positively correlated with the number of cigarettes smoked a day (men r = + 0-17 and women r = + 0-22; p < 0-01), with the reported number of alcoholic beverages consumed a day (men r = + 0 34 and women r = 0-23; p < 0-01), and with serum gamma-glutamyltranspeptidase (men r = + 023 and women r = +0414; for men p < 0-01). Blood lead concentration was not correlated with body weight, body mass index, and employment grade. In men 14% ofthe variance ofblood lead concentration was explained by the significant and independent contributions of smoking and alcohol intake and in women 16% by age,
in blood lead concentration. In men and women the correlations between blood lead concentration and systolic and diastolic blood did not approach statistical significance. In conclusion, in subjects not exposed to heavy metals at work gender, age, smoking, and alcohol intake are determinants of blood lead concentration. At a low level of exposure, lead accumulation may slightly impair renal function, whereas blood pressure does not seem to be importantly influenced. Alternatively, a slight impairment of renal function may give rise to an increase in blood lead concentration.
Lead is a trace metal which during life accumulates in the human body' and which has been implicated in the pathogenesis of renal tubular dysfunction2 and of hypertension. 3 The lead burden on the environment showed an explosive growth during the past century in industrialised as well as in developing countries, so that lead may have important health effects not only through work but also through environmental exposure. Research priorities have therefore moved from industrial to environmental exposure.
The present study was conducted in a random sample of civil servants who were not professionally exposed to heavy metals. The aim was to examine the determinants of blood lead concentration and, in addition, to investigate whether an association between blood lead and serum creatinine concentrations and blood pressure could be shown.
Methods
The civil servants considered in this report were a sample of men and women drawn from the Department of the Environment offices in London45 (and the Whitehall, Department of the Environment Study, 1982). The sample was stratified by age and employment grade and randomly selected using different sampling fractions in an attempt to provide equal numbers in each age and grade group. The employment grades were classified by four levels from one (low) to four (high). The subjects completed a detailed health questionnaire and then came to the clinic for measurement of -blood pressure and taking of blood. Systolic and phase V diastolic pressures were measured after the subjects had been lying down for five minutes. A standard mercury sphygmomanometer was used and the cuff with an inflatable section of 11 x 22-5 cm was applied to the right arm. Every observer was trained using the London School of Hygiene tapes of auscultatory sounds until they provided reproducible results.
Blood samples were sent to the Wolfson Research Laboratories, Birmingham, for analysis of serum calcium, creatinine, and gamma-glutamyltranspeptidase, using a Technicon SMA12 analyser, and to Dudley Road Hospital, Birmingham, for analysis of blood lead concentration by atomic absorption spectroscopy. 6 The intra-assay coefficient of variation for the determination of blood lead was 3-7% and the inter-assay variation 4-6%.
Smoking habits were assessed from the health questionnaire. Current smokers were classified by their total reported daily number ofpipes, cigars, and handrolled or manufactured cigarettes. Light smokers were defined as those smoking less than the equivalent of 10 cigarettes of these smoking materials a day, moderate smokers had from 10 to 19 cigarettes a day, and heavy smokers at least the equivalent of 20 cigarettes. Alcohol intake was assessed not only on the basis of the health questionnaire but also by a three day dietary recall. The interviews were administered by trained technicians. The correlation of gamma-glutamyltranspeptidase with alcohol intake quantified by questionnaire was 0 20 (p < 0 001) and by dietary recall 0-18 (p < 0-001). Subjects were classified as light drinkers if, from both the questionnaire and dietary recall, they appeared to consume less than 25 g alcohol a day. They were designated as heavy drinkers if from the questionnaire or dietary recall they apparently drank more than 50 g a day. This is about 35 units a week, when one unit is defined as a pint of beer, a glass of wine, or a single measure of spirits. The remaining subjects were considered as moderate drinkers, provided that they reported regular alcohol intake.
The Serum creatinine was higher in men than in women (97 versus 78 gmol/l; p < 0-001). In men serum creatinine concentration was significantly related to log blood lead (r = + 0 10; p = 0-04) (fig 2) , but not to age (r= -006) and body mass index (r= +0 06). After removing two men with a serum creatinine concentration higher than 180 pmol/l, the correlation between serum creatinine and log blood lead concentrations weakened (r = + 0 08) and significance fell to 0 12. After these exclusions serum creatinine tended to rise by 0-6 Mmol/l (95% confidence interval from -0-2 to + 1-36 pmol/l) for each 25% increment in blood lead concentration.
In women serum creatinine concentration correlated with age (r= +0 15; p=007) and body mass index (r= +0-24; p=0005) but not with log blood lead (r = + 0 03). body weight (men r = -001 and women r = + 0 01), body mass index (men r = + 0-02 and women r= -007), and employment grade (men r= +0 05 and women r = -009) were not statistically significant.
In men step wise multiple regression showed that blood lead concentration increased significantly and independently with the number of cigarettes smoked a day (p = 002) and with the reported number of alcoholic beverages consumed a day (p < 0-001). With these covariates in the equation, the t-to-enter for age was 0-68 (p=0 50) and for body mass index 0 19 (p=0 84). Current smoking and alcohol intake explained 14% of the variance of blood lead concentration in men. In women blood lead concentration was significantly and independently correlated with age (p =0 002), the number of cigarettes smoked a day (p = 0 02), and alcohol intake (p = 0-005). The tto-enter for body mass index was 007 (p = 095). Age, smoking habit, and alcohol intake explained 16% of the variance of blood lead concentration in women. After adjustment for age, current smoking, and alcohol intake, blood lead concentration was still 9% higher in men than in women. Blood lead concentration (pmol/l) Figure 2 Relation between serum creatinine and log blood lead concentrations in 398 male civil servants. Regression line and 95% confidence limits are drawn.
BLOOD PRESSURE AND BLOOD LEAD CONCENTRATION
The first order correlations of systolic and diastolic pressure with log blood lead concentration were not significant in men (SBP r= +0 05 and DBP r= +0-08) and in women (SBP r= +0-12 and DBP r= -0-01) but they were statistically significant (p < 0-02) for both sexes together (SBP and DBP r= +0 11). Blood pressure was higher in men than in women (p < 0-001). In men and women systolic and diastolic blood pressure were significantly and positively correlated with age, body mass index, pulse rate, log serum gamma-glutamyltranspeptidase, and serum calcium. These covariates and gender explained 19% and 21 % of the variance of systolic and diastolic blood pressure, respectively. In step wise multiple regression adding gender and age to the model reduced the partial correlations of systolic and diastolic blood pressure with log blood lead concentration to a low and non-significant level (fig 3) . '7 In the present and in other studies310 14 blood lead concentration was higher in adult men than in women. The NHANES investigators attributed this sex difference in part to a higher potential for occupational exposure in men. '8 In addition Stuik showed for a similar lead load, a greater increase in blood lead concentration in men than in women. '9 In the present study, where none of the subjects was occupationally exposed, blood lead concentration was higher in men and in postmenopausal women (fig 1) . This suggests that the sex trend in middle aged subjects may be related to differences in lead handling by the body, which disappear at an older age. For instance, the lower red blood cell count and haemoglobin concentration in menstruating middle aged women may lead to lower blood levels, as more than 99% of blood lead is bound to the erythrocytes and in particular to haemoglobin HBA2.20
Discussion
In the present study blood lead concentration increased with age in women. In the NHANES study the blood lead concentration rose between the ages of 15 and 40 in men and from 15 to 50 in women.'8 After these ages the blood lead concentration either levelled off or even slightly decreased.'8 Relation of blood lead concentration with age may be partly due to changing environmental and occupational exposure.
In agreement with previous reports2' the present study showed that both beer and wine consumption are associated with an increase in blood lead concentration and that heavy drinkers have a concentration of about 40%0 higher than non-drinkers (fig 1) .
European and American wines, with and without lead foil caps, show lead concentrations averaging from 0 48 to 1 45 4umol/l (100 to 300 ,ug/l) which is from 10 to 30 times higher than in most drinking waters. 22 23 Thus at a consumption of one litre a day, wine may double the total daily intake of lead. Lead concentrations are usually lower in beer, but beer tends to be drunk in higher quantities. Thalacker reported a maximum concentration of 0-39 pmol/l (80 jg/l) in several brands of German beer. 24 In the present study heavy smokers had about a 2000 increase in their blood lead concentration as compared with never smokers. Lead is present in tobacco: a cigarette may contain from 0-01 to 0-06 imol/l (2) (3) (4) (5) (6) (7) (8) (9) (10) (11) (12) In the NHANES survey a direct relation was found between blood lead concentrations and systolic and diastolic blood pressure, which was independent of the other blood pressure correlates in men but not in women. '3 14 Similarly, Pocock and coworkers reported a statistically significant association between blood lead concentration and systolic blood pressure (r= + 0 03) in the British regional heart study.9
These investigators, however, concluded that the magnitude of the lead pressure association was not biologically important. The present study also does not support a biologically important relation after adjustment for alcohol intake and other blood pressure covariates (fig 3) .
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